The behavior of materials in cyclic loading is rela tively complex, since many factors affect the fatigue failure [1, 2] . Electron beam surface treatment extends the fatigue life of stainless steel and hence the working life of steel components [3] [4] [5] . Such treatment offers considerable scope for control of the energy supply and hence for transfer of material to a state far from equilib rium [6] . This leads to the formation of submicro and nanocrystalline structures [7] . Such structures are formed as a result of superhigh rates of surface heating (up to 10 6 K/s) and surface cooling due to heat transfer to the interior of the material (up to 10 9 K/s) and also as a result of the formation of limiting temperature gradi ents (up to 10 6 /s) [3] [4] [5] 7] .
In the present work, we investigate the structural and phase states and defect substructure in the fatigue failure zone of stainless in microsecond treatment by an intense electron beam.
We consider 20X23H18 austenitic steel [8] . The sample size and shape are the same as in [3] [4] [5] . Fatigue tests are conducted on special equipment for asymmetric cantilever flexure: load voltage 20 MPa, loading frequency 20 Hz, test temperature 293 K, about 1.5 × 10 5 cycles to failure. The samples include a stress concentrator in the form of a semicircular cut (radius 10 mm), as in [3] [4] [5] . The preliminary heat treatment of the steel samples consists of air cooling after 2 h holding at 1150°C.
Prior to the fatigue tests, some of the samples are treated with an intense electron beam on a SOLO sys tem (Institute of High Current Electronics, Siberian Branch, Russian Academy of Sciences) [7] . The treat ment parameters are as follows: electron energy 18 keV; energy density of electron beam 30 J/cm 2 ; pulse length of electron beam 50 µs; frequency of pulses 0.3 Hz; number of pulses 3. The residual argon pressure in the working chamber during irradiation is about 0.02 Pa. The structure of the steel in the initial state and after the fatigue tests is investigated by scan ning electron microscopy (of the irradiated surface and the fracture surface) and transmission electron diffraction microscopy. Transmission electron dif fraction microscopy is used to study foil at distances of about 10 and 80 µm from the surface (on the opposite side of the sample to the stress concentrator, where the electron beam is applied) and foil that includes the irradiation surface [9] [10] [11] .
The heat treatment of 20X23H18 steel forms a crystalline state with dislocational substructure in the form of grids and a scalar dislocation density of 4 × 10 10 cm -2 , as shown in [12] . Heat treatment of the steel is accompanied by twinning; microtwins of one or occasionally two twinning systems are observed (Fig. 1a) . Carbide particles are observed along the grain boundaries in the form of extended layers (Fig. 1b) and occasionally within the grain volume in the form of round particles.
Heat treatment creates long range stress fields in the steel. Their sources are the particle-matrix boundaries. Flexural extinction contours (Fig. 1a) indicating the presence of stress fields begin and end at such structural elements [13] . As already shown, the amplitude of internal stress fields is inversely propor tional to the transverse dimensions of the contour. In the present work, we establish that the highest internal stress is formed at the particle-matrix boundaries and the least is formed close to the grain boundaries.
Electron beam treatment in the given conditions results in rapid melting and subsequent solidification of a thin layer (up to 10 µm). The grain size in the sur face layer is 10-100 µm (Fig. 2a) . Within the grain, cellular crystallization structure is formed; the cells measure 200-400 nm (Fig. 2b) .
After electron beam treatment and fatigue loading, the number of cycles to failure is increased by a factor of 1.3. Scanning electron microscopy shows that the fracture surface consists of a layer (thickness around 1.5 µm) with cellular crystallization structure (Fig. 3) , a layer (thickness 8-10 µm) with columnar structure, and a subsequent thermal influence zone.
In the surface layer, the cell dimensions vary from 250 to 400 nm. This is close to the cell size seen in scanning electron microscopy of the steel's surface. The cells are highly oriented, as indicated by the lack of reflex abnormalities in the electron microdiffrac tion pattern seen in Fig. 3b . At the junctions of the cell boundaries, we see particles of secondary phase (chro mium carbide), which are indicated by arrows in Fig. 3a . Within the cells, we see a dislocational sub structure in grid form. The scalar dislocation density is about 5.2 × 10 10 cm -2 .
Grains containing microtwins of two or three inter action systems are seen in the surface layer. This leads to fragmentation of the steel structure. The fragments measure 75-220 nm. Structural analysis of the surface layer indicates that most contours (the maximum den sity) are observed within the steel volume that contains interacting microtwins.
We may conclude that the interaction of microt wins generates volumes characterized by relatively high density and high internal stress-that is, poten tially hazardous volumes during mechanical loading of the steel [13] .
The structure formed at a depth of about 10 µm dif fers from that of the surface layer only in quantitative terms. There is significant dispersion of the fragments formed in the zone of microtwin interaction: the frag ments measure 50-80 nm, which is 2-3 times less than for the structural fragments in the surface layer.
In the layer at a depth of about 80 µm, the bulk content of regions with fragments is 2.3 times that at the surface. In addition, the layer with nanofragments is thicker. In the subsequent evolution of fragmented substructure, sources of ductile failure appear, as noted in [14, 15] . 
CONCLUSIONS
Electron beam treatment extends the fatigue life of 20X23H18 austenitic steel. On loading, electron beam treatment results in the formation of interacting microtwin systems and fragmentation of the structure, with no subsequent evolution. These regions are sources of submicrocrack nucleation.
